This paper investigates the relationship between energy intensity in the 12 countries of Eastern Europe that can be considered as in transition to a full market economy, and that of the present EU members. The raw data shows some evidence of convergence, and a carefully estimated econometric model of lagged adjustment confirms this. On average, a 1% decrease in the per capita income gap between developed and transition economies leads to a decrease in the energy intensity growth rate of a transition country by 0.7%. There are differences in the rate of convergence across countries, and these depend on two parameters that are allowed to vary across countries: η, the elasticity of desired energy intensity with respect to the per capita income gap; and µ, the rate at which actual energy intensity adjusts to the desired energy intensity. The countries with the fastest convergence rates given these parameters are the Czech Republic, Bulgaria, Croatia and Turkey.
Introduction
As the transition countries of East and Central Europe (CEE) move towards a market based system, the expectation is that key indicators of economic, social and environmental performance will converge to that of the existing market economies.
Given the proximity of the CEE to the EU, and given the moves to EU membership, this convergence should be specially close between the transition countries and the EU.
A considerable amount of research has been done on convergence of per capita income between the poorer and richer countries of the world. Economies are assumed to be converging toward one another if the income of poorer economies grows faster over time relative to that of the richer economies, thus reducing inter-country income inequality. Sala-i Martin (1996) studied and compared the speeds of income convergence across various datasets, which included a sub-sample of OECD countries, states within the United States, prefectures of Japan, and regions within several European countries. Across the datasets, the speed of convergence was found to be similar at about 2% per annum. Kaitila (2004) studied income convergence among two groups of countries: 15 EU countries, and 7 CEEC countries, and found the rate of convergence for each of the two groups to be approximately 0.02% and 0.03%, respectively. Other literatures, for instance those written by Bunyaratavej and Hahn (2002) , Wagner and Hlouskova (2002) , and Dela Fuente (2003) , extended their analysis of income growth to include other elements besides income, e.g., employment, labor productivity, technological diffusion and exchange rate volatility.
For 15 EU member countries, Bunyaratavej and Hahn (2002) found an income convergence rate of 1.6%; while Wagner and Hlouskova (2002) looked at 14 EU countries (without Luxembourg) and found the speed of convergence to be between 3 0.01% to 0.02%. On the other hand, Dela Fuente (2003) found 0.03% for the OECD countries.
This paper seeks to extend the analysis of convergence to the area of energy intensity between the transition countries and the EU. As real incomes converge, one might expect energy intensity also to converge. The case for such convergence, however, has not been made. The relationship between GDP and Total Primary Energy Supply (TPES) is found to be broadly log-linear, with an elasticity of TPES with respect to GDP of 0.75 in developed countries and one for developing countries (the average across all countries is 0.85). These results are from WEC (2000) , and are based on data from 1982. The significant differences between developing and developed market economies have two origins: (a) the transformation of some unaccounted non-commercial energy into commercial energy when the economy grows; and (b) the relocation of some industries because the economic inputs, mostly labour and energy, are cheaper in the developing countries than in the developed countries. Most importantly, however, with these elasticities, even if there is convergence in real per capita income, there will not be convergence in energy intensities 4 .
Why is the evolution of energy intensity important? First, it is useful for energy policy makers to know how energy demand will grow, in the face of major changes in economic structure and system of economic management. Traditional energy demand forecasting models, while useful, find it difficult to incorporate such structural changes. Second, there is an active policy debate within the transition countries themselves as to whether total energy use should grow as GDP grows.
Presently these countries have a lower level of energy efficiency (higher intensity) than the current EU member states. If convergence is fast enough, and if growth is modest, there may be no increase in total energy use. In that case a target of nonincreasing energy may be feasible and desirable as part of a sustainability strategy. If, on the other hand, convergence is slow and growth rapid, it will not be feasible to set a target of this kind. Finally the analysis will show which countries are converging more rapidly and which are not. With further investigation of the reasons for these differences, we will be able to develop policies to promote convergence.
This study seeks, therefore, to analyze income growth and energy efficiency for the transition countries in light of their integration to the European Union (EU).
Energy efficiency, in this study, is measured by energy intensity -the amount of energy required to produce a given unit of output. A transition country's rate of energy intensity is assumed to be a function of the disparity in income between the transition country and an average EU country. Our analysis will be divided into two parts. First, we aim to observe the trend in the income disparity variable before we examine its impact on energy intensity. 5 The movement of this exogenous variable over time is critical to determining the direction of the energy intensity growth rate later on. Subsequently, we will test the relationship between the said two variables, together with other regressors. Particularly, we aim to: (a) determine how energy efficiency, in general, is evolving in the transition economies; (b) test the assumption that energy efficiency in these economies, which are increasingly being linked to the EU, is converging to that of the EU; and (c) ascertain the likely path for energy consumption until the year 2020, both in absolute terms and relative to the EU.
The paper is organized as follows. Section 2 provides the source and description of data used in the study. Section 3 shows how the convergences in real per capita income and energy intensity are estimated; while Section 4 gives a description of the estimation method applied and the regression results. The energy 5 consumption in the focus countries is forecasted until 2020 in Section 5. Section 6 closes the paper with summary and conclusions.
Source and Description of Raw Data
This paper uses data collected from the country ministries and from the International Energy Agency (IEA, 1999a (IEA, , 1999b (IEA, , 2000a (IEA, , 2000b . The IEA constructs the statistics from official data, and when necessary, estimates have been made based on information obtained from industry sources and other international organizations.
Since countries themselves may have different criteria and definitions for their data, the IEA makes the necessary adjustments so that the data would adhere to international definitions. Annex 1 provides the raw data used in this study.
Energy consumption (1990-2000)
The Total Primary Energy Supply (TPES) data were used. TPES is made up of production + imports -exports -international marine bunkers ± stock changes. 6 A country's energy intensity, which is defined as the amount of energy required to generate a unit of economic output, is derived by dividing TPES by GDP. The unit of measure used in the study is tons of oil equivalent (toe) per 1995 US dollar (PPP).
Gross domestic product (1990-2000)
The gross domestic product (GDP) data for individual countries have been adjusted by IEA to 1995 price levels and converted to US dollars using the purchasing power parities (PPP). PPP are the rates of currency conversion that eliminates the price level differences between countries. In order to make the GDP variable comparative across countries, a country's GDP was divided by its population. The unit of measure used for GDP is thousand 1995 US dollars (PPP) per capita.
The energy consumption and GDP data were collected for the fifteen On the other hand, the growth rates of energy intensity and real per capita GDP of the transition countries between 1992 and 2001 are compared with those of an average EU (Table 1) . In terms of per capita income, six of the twelve transition countries have larger per capita income growth rates than that of the average EU over the given period. The largest being is Poland's per capita income growth rate. By looking at the raw data, there appears to be convergence in energy efficiency, i.e., a faster decline over time in energy use by a transition country relative to that of the average EU. The change in energy intensity from 1992 to 2001 for an average European Union member country is negative 12%. Most of the transition countries have a much greater decline over the same period than an average EU, but Poland depicted the biggest decline in energy intensity.
F ig u r e 1 : E n e r g y in te n s ity a n d R e a l p e r c a p ita G D P , 1 2 T r a n s itio n C o u n tr ie s , 1 9 9 2 a n d 2 0 0 1 B u lg a r ia 1 9 9 2 B u lg a r ia 2 0 0 1 C r o a tia 1 9 9 2 C r o a tia 2 0 0 1 C z e c h R e p 1 9 9 2 C z e c h R e p 2 0 0 1 Es to n ia 1 9 9 2 Es to n ia 2 0 0 1 H u n g a r y 1 9 9 2 H u n g a r y 2 0 0 1 L a tv ia 1 9 9 2 L a tv ia 2 0 0 1 L ith u a n ia 1 9 9 2 L ith u a n ia 2 0 0 1 Po la n d 1 9 9 2 Po la n d 2 0 0 1 R o m a n ia 1 9 9 2 R o m a n ia 2 0 0 1 S lo v a k R e p 1 9 9 2 S lo v a k R e p 2 0 0 1 S lo v e n ia 1 9 9 2 S lo v e n ia 2 0 0 1 T u r k e y 1 9 9 2 T u r k e y 2 We can also compare each country's growth rates in energy intensity and per capita income between 1992 and 2001 relative to those of the average EU (see Figure   2 ). Here, the gap between the energy intensity growth rates and per capita income growth rates of a "transition country i" and "average EU" are calculated and plotted in the graph. 
Estimation Model
First, we will analyse the convergence toward the average per capita GDP level of the countries in the study (15 EU countries and 12 transition countries). Next, we will estimate the relationship between energy intensity and per capita income disparity between the EU and developing countries. The following models are applied.
Dependent variable: Real per capita GDP growth rate
The Baumol specification of β-convergence has been employed by various studies to test the convergence in income among a group of countries: When βˆis negative, there is β-convergence. It implies that the growth rate of per capita income is negatively related to the initial level of income, which further means that the relatively poor economies grow faster than the rich economies (Sala-i Martin, 1996) .
Dependent variable: Energy intensity growth rate
We take a top-down approach and see whether there has been convergence in 
As it y increases, it e will also increase. As it ε decreases, it e will also decrease.
We are interested to understand the evolution of We can define the evolution of it ε in terms of convergence with EU countries:
where * it ε is the desired energy intensity in country 1; A is a constant to be determined; and η is the elasticity of adjustment. A value of 0.5, for example, would imply that a one percent reduction in the income gap would result in a 0.5 percent reduction in the energy intensity gap.
In addition, we expect the adjustment to be lagged because of many factors.
So we postulate the following:
, where
Unfortunately, equation (9), is over determined for the parameters µ, η, A. This can be seen by redefining the terms in (9) as:
Based on the above results, which value of µ should be used? We do not know which one to use nor which one is correct because both are only estimates.
Fortunately, this problem can be addressed by further transforming Equation (9) as:
and then running the regression on:
where it ε is the energy intensity of Transition Country i at period t; 
). Furthermore equation (10-3) will give,
As a result, all the parameters of interest are now exactly determined.
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The energy intensity of a transition country is greater than the energy intensity of an EU country (i.e., richer countries are more energy efficient) as was presented in Table 1 . As the income of a transition country increases (faster than the EU), it is assumed that the transition country will become more energy efficient.
The model (10.3) will therefore test the following hypothesis:
-depicts a direct relationship between the dependent variable and t y ∆ .
Hence a decrease (increase) in the gap of per capita GDP between EU and Transition Country i, decreases (increases) Transition Country i's primary energy intensity growth rate by % D (i.e., Convergence is implied).
• If 0 < D -depicts a negative relationship between the dependent variable and t y ∆ .
This means that a decrease (increase) in the gap of per capita GDP between EU and Transition Country i, leads to an increase (decrease) in Transition Country i's
primary energy intensity growth rate by % D (i.e., Divergence is implied).
Estimation Method and Regression Results
To find out what estimation method should be employed given the available information, the null hypothesis of equal intercepts is tested. If the null is accepted, the data are pooled and Ordinary Least Squares (OLS) is used. If the null hypothesis is rejected, a Hausman test is then applied to test if there is no correlation between the composite error and the regressor. If the null is accepted, the random effects estimator is used; if the null is rejected, the fixed effects estimator is used. 
where ε is the error term; CS, the dummy variable for each country i where Turkey is the base; 1 -Bulgaria; 2 -Croatia; 3 -Czech Republic; 4 -Estonia; 5 -Hungary; 6 -Latvia; 7 -Lithuania; 8 -Poland; 9 -Romania; 10 -Slovak Republic; 11 -Slovenia; and TS, the dummy variable for each time period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) ; where 2001 is the base year. Table 2 shows the key results from using equation (1.2). βˆis negative, hence the assumption of per capita income convergence is supported. Overall, the convergence rate within the EU and transition countries is estimated to be about 0.30% per year during 1990 through 2001, and is statistically significant at 5% level.
Note that this figure complements that obtained by Kaitila (2004) , who found the convergence rate to be about 0.03% between the transition countries themselves.
However, we should note that his study used information only from seven transition countries, covered a shorter time period (1995 to 2001) , and analyzed the income convergence within this group of seven countries.
With regard to the convergence of energy intensity in the transition countries, the regression results from using equation (10.4) are provided in Table 3 . The coefficient estimates of the key explanatory variables are significant at 5% level.
Recall that the convergence hypothesis is supported when the coefficient of t y ∆ (denoted by X 2 in Equation 10.4) is positive, implying that income disparity and energy intensity growth rate depicts one of the two direct relationships: (a) "Relationship 1" -when income gap increases, energy intensity growth rate increases; or (b) "Relationship 2" -when income gap decreases, energy intensity growth rate decreases. It has been earlier established that there is a β-convergence of the real per capita income in the focus countries, which indicates that the transition countries (relatively poorer economies) are growing faster than the EU countries (wealthier economies), and further implies that the income inequality is decreasing. This suggests that "Relationship 2" is the appropriate one to use in interpreting the results in Table 3 . Taking into account that each country has an estimate for D based on equation (10.4), the average of D was calculated. Therefore, on average, a 1% decrease in the per capita income gap between the EU and transition economies leads to a decrease in the energy intensity gap of 0.7%.
Not all estimated coefficients of the slope dummy variables are statistically significant individually, however, an F-test on the said coefficient estimates shows that they are jointly significant at 5% level. By using the two-way fixed effects, we are assuming that the intercept varies across the 12 transition countries and across the 11 time periods. Specifically, the coefficient estimates of the dummy variables intend to measure the shifts in the regression line that arise from unknown variables (or variables whose influence may have been omitted in the estimation), therefore alleviating a specification error.
Recall that we are interested to estimate the following parameters, µ, η, A.
From Table 3 , one can also calculate the parameter estimates for each country and the average of these estimates for the entire sample. The variances of μ , η and Â were derived using the following formula:
is a vector whose ith element is the partial g with respect to the element of x (Kennedy, 1998) . The critical value of a t-statistic at 20% significance level for 89 degrees of freedom is about 1.30. Based on this, only the average values of μ and η are found to be statistically significant. A larger margin of error is considered due to the short period used in the study (12 years) as compared to other literatures studying convergence, which uses more than 20 years worth of data. Table 4 shows the countries with a statistically significant i η at 20% level.
These countries are Bulgaria, Croatia, Czech Republic, Hungary, Romania and Turkey. i η refers to degree of adjustment between the average of the EU and a transition country. A value of one indicates that, in 'equilibrium' the energy intensity gap closes as fast as the income gap does; a value less than one implies the energy intensity gap closes more slowly and a value greater than one implies it closes more rapidly. Hence the values in Table 4 suggest the most rapid closure of the energy intensity gap for Turkey, followed by Croatia, and Bulgaria. Hungary, Romania and Czech Republic, on the other hand have a slower rate of convergence.
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The estimated i μ was also obtained for each country together with the standard error and t-statistics (Table 5) , where all countries except Slovenia have statistically significant i μ at 20% level. Notice also that countries like Bulgaria, Croatia and Turkey have a slower convergence in equilibrium for per capita GDP than for energy intensity.
The values in Table 5 imply that an increase in the desired energy intensity of 1% at year t, would lead to an increase in actual energy intensity in that year by:
0.63% in Bulgaria; 0.77% in Croatia; 0.80% in Czech Republic; 1.05% in Estonia;
1.21% in Hungary; 0.12% in Latvia; 1.03% in Lithuania; 0.94% in Poland; 0.91% in Romania; 0.57% in Slovak Republic; and 0.71% in Turkey. Another interpretation of i μ is that 50% of the full adjustment to a new equilibrium value occurs in (ln 0.5/ln(1-i μ )) (Greene, 1990) . Thus, in the case of Bulgaria 50% of the adjustment occurs in 0.7 of one year, and so on for the other countries. If the countries were ranked according to their speeds of adjustment, i η and i μ , the result is as follows starting from the country with the slowest adjustment speed (Table 6) 7 .
Forecasts for Energy Efficiency and Energy Demand in Transition Countries
Two types of energy intensity levels are calculated in this section: desired ( * it ε ) and actual ( it ε ). The desired energy intensity levels ( * it ε ) of the transition countries are derived using equation (4), thus they are a function of the ratio of the average EU's income to the transition country i's per capita income, and the average energy intensity level of EU at period t. On the other hand, the actual energy intensity level at period t is assumed to be a function of the previous year's level and * it ε , and is thus derived by employing equation (5). Based on this actual energy demand is also forecasted, using equation (2).
In order to calculate the energy intensity forecasts thru the year 2020, assumptions were made concerning the income and population growth rate of the countries, as well as the growth rate of EU's energy consumption as seen below (Table 7) . Also, the average parameter estimates of the countries (excluding Slovenia 8 ) were taken, ηˆa nd µˆ, which are both statistically significant. Doing so would still account for the heterogeneity of the countries, instead of performing an econometric regression without the dummy variables (e.g., equation 10.3) to obtain the average parameter estimates for the whole sample. On the other hand, the value of Â derived in the same way as ηˆ and µˆi s poorly determined, so it was not used. Instead, we took the value which minimizes the sum of squared deviation of the countries' actual and 
Conclusions
This paper has investigated the relationship between energy intensity in the 11 countries of Eastern Europe that can broadly be considered as in transition to a full market economy, and that of the present EU members. It begins by noting that in terms of per capita growth there is evidence of convergence between these countries and the EU15 average. The rate at which the two converge is estimated at about 0.3 percent per annum over the period 1990-to 2001.
The existence of convergence in terms of per capita income is no guarantee of convergence in terms of energy intensity. A casual look at the data on the latter shows some evidence of convergence, and a carefully estimated econometric model of lagged adjustment confirms these findings. The data show that, on average, a one per cent decrease in the per capita income gap between developed and transition economies leads to a decrease in the energy intensity growth rate of a transition country by 0.7%. There are differences in the rate of convergence across countries, and these depend on two parameters that are allowed to vary across countries: the elasticity of desired energy intensity with respect to the per capita income gap (the parameter η in the paper) and the rate at which actual energy intensity adjusts to the desired energy intensity (the parameter µ in the paper). The first parameter is statistically significant for 6 countries of the 12 countries (Hungary, Romania, Czech Republic, Bulgaria, Croatia and Turkey), and the second is statistically significant for 8 of the 12 countries (all except Hungary, Slovenia and Lithuania). The fastest converging countries according to these parameters are the Czech Republic, Bulgaria, Croatia and Turkey.
Although the parameters η and µ are not significant for all countries, we can still estimate the forecast energy intensity for 7 of them for which forecast values of 22 GDP growth are available to 2020: Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland and Slovak Republic). This involves using the full estimation equation in which all the countries dummies, as well as period and slope dummies, are included. While not all the dummy variables are individually significant, an F-test shows they are collectively significant. The results show that, over the period to 2020, we can expect energy intensities to converge to EU levels significantly for six of the seven countries -i.e., all except Estonia. We also estimate the actual level of energy demand in each of these countries and find that, between 2000 and 2020 energy demand will increase in all 7 countries in spite of the major decline in energy intensity. Thus it will not be feasible to use as a target a non-increasing level of total energy consumption.
Further work should look at the reasons behind these results. Why do some countries exhibit higher rates of convergence than others? This will require a meta type analysis of the parameters η and µ. The amount of data available for this purpose is rather limited and so using econometric methods will not be feasible, but this should not prevent less formal methods being used. Possible variables to include would be indicators of reform in the areas of energy pricing etc., that the EBRD has been collecting over the last decade.
Annex 1 Raw Data
Annex IEA (1999a,b; 2000a,b); Statistics Lithuania (1995; 1996) ; Statistical Office of Estonia (1998); Central Statistical Bureau of Latvia (1996) ; Ministry for Economic Activities of Slovenia (1994); Ministry of Economy of Croatia (1994 Croatia ( , 1995 . IEA (1999a,b; 2000a,b); Statistics Lithuania (1995; 1996) ; Statistical Office of Estonia (1998); Central Statistical Bureau of Latvia (1996) ; Ministry for Economic Activities of Slovenia (1994); Ministry of Economy of Croatia (1994 Croatia ( , 1995 . IEA (1999a IEA ( , 1999b IEA ( , 2000a IEA ( , 2000b Statistics Lithuania (1995; 1996) ; Statistical Office of Estonia (1998); Central Statistical Bureau of Latvia (1996) ; Ministry for Economic Activities of Slovenia (1994); Ministry of Economy of Croatia (1994 Croatia ( , 1995 Note: Countries listed are those whose speeds of adjustment are found to be statistically significant at 20% level. In the second column, the listed countries are only those whose parameter estimate lies between zero and one. 44 If the elasticity of energy with respect to GDP is γ in developing countries and β in developed countries, and if the GDP growth rate of π in the developing countries and ρ in the developed countries, the rate of convergence in energy intensity is given by: [(β-1) ρ-(γ -1) π]. Hence if γ = β < 1 , convergence requires that π > ρ. If, however, γ < β convergence may not take place even if π > ρ. With γ and β time variant, the analysis becomes more complex, but the basic point remains valid.
Annex

5 Other studies (Sala-i, 1996; Kaitila, 2004) looked at income convergence rates of individual country groups. This study, however, exploits the information of the EU and transition countries as one whole dataset, which allows for estimating the convergence rate of the transition countries with respect to the EU.
6 Definition. International marine bunkers cover those quantities delivered to sea-going ships of all flags, including warships. Consumption by ships engaged in transport in inland and coastal waters is not included. Stock changes reflect the difference between opening stock levels at the first day of the year and closing levels on the last day of the year of stocks on national territory held by producers, importers, energy transformation industries and large consumers. A stock build is shown as a negative number, and a stock draw as a positive number (IEA, 1999 (IEA, /2000 . 7 It is curious to note that there is something of an inverse relationship between µ and η. We have no explanation for this. 
